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Abstract

Background: Most modern societies undergo rapid population aging. The rise in life expectancy, nevertheless, is
not accompanied, to date, by the same increment of healthspan. Efforts to increase healthspan by means of supple-
ments and pharmaceuticals targeting aging-related pathologies are presently in spotlight of a new branch in geriatric
medicine, geroscience, postulating that aging could be manipulated in such a way that will in parallel allow delay the
onset of all age-associated chronic disorders.

Discussion: Currently, the concept of the "longevity dividend”has been developed pointed out that the extension

of healthspan by slowing the rate of aging is the most efficient way to combat various aging-related chronic illnesses
and disabling conditions than combating them one by one, what is the present-day approach in a generally accepted
disease-based paradigm. The further elaboration of pharmaceuticals specifically targeted at age-associated disorders
(commonly referred to as ‘anti-aging drugs’) is currently one of the most extensively developed fields in modern
biogerontology. Some classes of chemically synthesized compounds and nutraceuticals such as calorie restriction
mimetics, autophagy inductors, senolytics and others have been identified as having potential for anti-aging interven-
tion through their possible effects on basic processes underlying aging. In modern pharmaceutical industry, develop-
ment of new classes of anti-aging medicines is apparently one of the most hopeful directions since potential target
group may include each adult individual.

Summary: Implementation of the geroscience-based approaches into healthcare policy and practice would increase
the ratio of healthy to unhealthy population due to delaying the onset of age-associated chronic pathologies. That
might result in decreasing the biological age and increasing the age of disability, thus increasing the age of retirement
and enhancing income without raising taxes. Economic, social and ethical aspects of applying the healthspan-and
lifespan-promoting interventions, however, have to be comprehensively debated prior to their implementation in
public health practice.
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Background improvement in longevity is attributable to advances in
Population aging: global trends and challenges public health practice, education and medicine [1]. Over

Life expectancy has been substantially improved the past decades, implementation of vaccination, anti-
worldwide over the last century. To a large extent, this  biotics and disinfectants resulted in a significant reduc-
tion of infectious diseases as a leading cause of death

, . [2]. Continuing decline in mortality throughout the last
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such as proper diets and exercise, as well as reduction in
tobacco smoking [3]. It is generally assumed that if such
demographic trend will continue then about 20% of the
global population will be older than 60 years by 2050 [4].
Thereby, most of present-day societies undergo rapid
population aging. Recently, Bloom et al. [5] estimated
that, over the past six decades, the proportion of people
aged 60 years and above has increased from 8 to 10%.
In the next four decades, however, the faster growth is
expected and this group should be increased to 22% of
the total world population—from present 800 million to
2 billion people.

The rise of life expectancy, nevertheless, is not accom-
panied, to date, by the same increase in healthspan [6].
Since aging is the main risk factor for most chronic
pathologies, prevalence of age-related diseases, such as
type 2 diabetes (T2D), cardiovascular disease (CVD),
osteoporosis, neurodegenerative diseases and cancer
rises to a large extent with increasing the average lifes-
pan, representing a great socio-economic problem in
developed societies. For example, it was recently esti-
mated that more than 30 million people aged over
80 years will be residing in the United States by 2050;
about half of these subjects will suffer from dementia
and about 3 million will be diagnosed with Parkinson’s
disease [7]. The expected increase in prevalence of aging-
related pathological conditions will apparently have great
impact on economic productivity in many countries
during the coming years, including enhancing psycho-
logical and financial burden for families and considerable
pressure on the government healthcare programs and
budgets [5, 8, 9]. Thereby, the development of efficient
health interventions, such as disease-prevention and
health-promotion programs that target major causes of
morbidity in the elderly, might allow minimize the cost
pressure related to population aging by providing that
the population stays healthy until very old age [10]. The
world-wide demographic trend consisting of increasing
the proportion of elder persons in populations of vari-
ous countries could likely explain the dramatic rise in the
interest of both general public and medical communities
to biogerontology research [11].

The research aimed to promote human longevity
understandably raise concern among the general public,
as well as among policy makers and government regula-
tors, regarding the growth of the older population and,
consequently, higher prevalence of chronic pathologic
conditions associated with aging. Experimental stud-
ies conducted in various animal models have, however,
shown that artificial life extension is generally accom-
panied by reduced or delayed morbidity including neu-
rodegeneration, CVD, and cancer [12]. For example,
dietary restriction was repeatedly shown to be able not
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only extend the lifespan, but also slow the rate of func-
tional decline and delay the onset of age-related chronic
diseases in different model organisms [13]. There is also
accumulating epidemiological evidence which is consist-
ent with findings from animal studies. For instance, cen-
tenarians, in particular those residing in so-called ‘Blue
Zones’ (areas in the US, Latin America, Asia and Europe
where unusually many centenarians were revealed), have
not only exceptional longevity but also, as a rule, remain
free from disabilities and chronic illness to a very old age
[14, 15].

Geroscience: life to years not years to life

Over the past decades, the compression of the morbidity
was a basic strategy in gerontology. This strategy is aimed
at limiting morbidity to a short time period near the end
of life, thereby reducing the burden of diseases and dis-
abilities through delay in the age at onset of the most
common aging-related pathological conditions [16]. A
few years ago, a new direction in geriatric medicine, ger-
oscience, began to develop. This interdisciplinary field of
research is aimed at understanding the mechanistic links
between aging and aging-associated diseases [17, 18]
and centered primarily on extension of healthspan [19].
According to the “geroscience hypothesis’, aging could be
manipulated in such a way that will in parallel allow delay
the onset of all age-associated chronic disorders, because
these pathologies share the same primary underlying risk
factor (age) [13, 17].

Healthspan extension is a central component of activi-
ties aimed at achievement of ‘optimal longevity, a con-
dition defined as ‘living long, but with good health and
quality of life’ [16] including improved productivity,
functioning and independence. Currently, the research
attempted to enhance healthspan are focused primar-
ily on slowing the biological processes underlying aging
such as dysfunctions of mitochondria, impaired proteo-
stasis and stem cell function and maintenance, deregu-
lated sensing of cell energy status and growth pathways,
cellular senescence, age-related decrease in stress resist-
ance, as well as oxidative and inflammatory stress [20—
22]. These processes interact, influencing each other in
order to maintain the normal pathways of cellular signal-
ing and to support organismal homeostasis. The compen-
satory mechanisms mediating these processes, however,
became exhausted when reaching a certain age and vari-
ous aging aspects are manifested, enhancing as a conse-
quence the risk of functional declines and progression of
age-associated chronic pathologies [23].

Anti-aging medicine
The research field targeted at providing therapeutic
options to combat the aging-related functional declines
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and chronic disorders is generally referred to as ‘anti-
aging medicine’ This area of investigation, emerging since
the beginning of 1990s, has become a hotly discussed
topic in the past two decades [24, 25]. Its main purpose
is to promote healthspan and lifespan by specific dietary
and exercise regimes, as well as by biomedical interven-
tions aimed at delaying or slowing the aging process [26,
27].

Aging is traditionally regarded as ‘natural’ and conse-
quently unpreventable process. However, in the opinion
of many field experts, the idea that aging is inevitable part
of human nature is rather questionable [28]. Indeed, most
present-day evolutionary theories postulate that aging
has arisen as a by-product of fundamental evolutionary
processes and does not have any specific function [29].
If aging is in fact not an inadmissible component of life,
then it might be manipulated like other processes that are
commonly believed to be pathological or unnatural. The
basic supposition underlying anti-aging research is that
age-associated senescence may be regarded as a complex
of pathophysiological processes that could be prevented,
delayed or even reversed [30]. Currently, biotechnologi-
cal innovations that potentially may slow down or post-
pone processes involved in aging are widely implemented
in anti-aging medicine [3]. Achievements in this field are
to a great extent attributed to an increasingly widespread
implementation of ‘omics’ platforms such as genomics,
transcriptomics, proteomics and metabolomics [31].

Through the broad implementation of such technolo-
gies, a deeper understanding was gained of the fun-
damental molecular and cellular processes underlying
aging, including genomic instability, epigenetic deregula-
tion, loss of proteostasis, mitochondrial dysfunction, cel-
lular senescence, exhaustion of stem cells, inflammation,
telomere shortening, autophagy, impaired stress resist-
ance and deregulated nutrient signaling [32—34]. Based
on this new knowledge, novel therapeutic strategies to
counteract age-associated functional declines and patho-
logical conditions are being developed. In the long run,
most promising among them are apparently stem cell-
and gene therapy-based approaches. Presently, however,
due to insufficient knowledge regarding the potential side
effects of these technologies, including cancer, uncertain-
ties and concerns still prevail about their safety among
the general public and medical professionals. Therefore,
the use of more traditional pharmacological interven-
tions can be considered as a reasonable alternative now

[35].

Anti-aging pharmacology: opportunities and challenges

The further elaboration of pharmaceuticals (both sup-
plements and clinically approved drugs) specifically tar-
geted at age-related pathologies is one of the most rapidly
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developing fields in modern biogerontology. Over the
last 20 years, an exponential rise of research dedicated to
investigating substances with potential for use in geriatric
practice is observed [36].

In pharmacological research, the first step in the pro-
cess of drug development is search for druggable molecu-
lar targets [37]. In this context, experimental approaches
based on using gain- or loss-of-function phenotypes
are very helpful to determine gene targets substantially
implicated in aging processes [33]. In recent years, this
approach has been used to identify many genetic path-
ways strongly linked to aging and longevity [33, 38].
Nowadays, all these pathways are considered to be prom-
ising targets for drugs and several pharmaceuticals tar-
geting them are already under intensive investigation and
development.

Identification of processes underlying aging and further
development of interventions addressing these processes
is apparently a challenging task considering the extreme
complexity of aging-related processes. Substantial pro-
gress has been, however, achieved during recent years
in this field of investigation. Some classes of chemically
synthesized compounds and nutraceuticals were identi-
fied as having potential for anti-aging intervention [4,
35]. Several substances capable of mimicking the effects
of calorie restriction, such as rapamycin, resveratrol and
metformin, are thought to be among the most promis-
ing in this respect now [39] In addition, high hopes are
placed by some authors on antioxidants (coenzyme Q10,
quercetin, melatonin, vitamins A, C and E, etc.) [40],
inductors of autophagy such as, e.g., spermidine [41],
agents that can selectively target and remove senescent
cells (senolytics) [42], phytochemicals, such as epigallo-
catechin gallate (EGCG), catechins, genistein, curcumin,
etc. [43], and also several other natural and synthesized
compounds. All these substances have been shown to be
able to extend lifespan up to 25-30% in different animal
models [35]. Over the last years, biotechnological appli-
cations are widely used in anti-aging pharmacology. For
instance, nanotechnology-based drug delivery systems
were recently proposed as a novel promising approach
for Alzheimer’s and Parkinson’s diseases treatment [44].
Small size and thus ability to penetrate the blood—brain
barrier is the major advantage on these systems. Medi-
cations targeted to enzymes participating in processes
of epigenetic regulation of gene expression, for example,
inhibitors of histone deacetylases such as suberoylanilide
hydroxamic acid, trichostatin A and sodium butyrate are
another promising drug class for anti-aging intervention
[45]. An overview of the most common anti-aging drugs
is given in Table 1. Only agents that have reached clinical
trials for treating various age-associated clinical condi-
tions are included in the table. The most comprehensive
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to date overview of the current state-of-the-art in the
field of anti-aging pharmacology is provided in recent
paper by Vaiserman et al. [35].

An important point is, however, that most substances
with potential anti-aging properties are apparently mul-
tifunctional and targeted at various molecular pathways
that mediate aging. Furthermore, there is only limited
evidence to demonstrate overall health benefits of using
such substances so far. Findings from epidemiological
studies reporting the long-term health impacts of these
agents are rather inconsistent. Moreover, evidence from
several studies indicates that uncontrolled consumption
of some medications considered as potential anti-aging
drugs may be useless or even detrimental.

For example, long-term intake of free radical-scav-
enging antioxidants is considered by most medical pro-
fessionals as quite reasonable option to promote health
and wellbeing, and also to prevent various aging-related
conditions such as atherosclerosis, inflammatory disor-
ders, CVD and cancer [51]. The health outcomes of these
interventions, however, are still under debates. Doubts
on this matter are strengthened by the results obtained in
a series of meta-analyses of randomized controlled trials
and observational studies by Bjelakovic and co-authors.
Based on these meta-analyses, the authors concluded
that long-term intake of dietary antioxidants, such as
beta-carotene and vitamins A and E, can be associated
with unfavorable health outcomes and with increased
cancer and all-cause mortality, especially in well-nour-
ished populations [52, 53]. One more example of poten-
tial risk of using compounds with anti-aging properties,
such as e.g. calorie restriction mimetics, is that they
might induce insulin resistance. Such side effects were
observed, in particular, in patients treated with rapa-
mycin [54]. Treatment with rapamycin, among other
mechanistic Target of Rapamycin (mTOR) inhibitors,
was associated with a 13—50% higher incidence of hyper-
glycemia and development of T2D if applied as antican-
cer therapies [55]. Similarly, insulin resistance-inducing
effects were also reported for statins. The risk for devel-
opment of T2D was found to be increased by 9-12% in
two meta-analyses of statin trials and by 18—-99% in five
population-based studies [56].

Another reasonable approach in anti-aging pharma-
cology is evaluation of the geroprotective potential of
medications already approved by the US Food and Drug
Administration (FDA) and other regulatory authori-
ties for treating various pathological conditions related
to aging. Among them, metformin, statins, beta-block-
ers, thiazolidinediones, newer generation B-adrenergic
receptor inhibitors, renin-angiotensin-aldosterone sys-
tem inhibitors, as well as anti-inflammatory medications

Page 6 of 9

appear to be the most promising drug candidates in this
respect [16]. The safety of these drugs has been con-
firmed in a number of clinical trials. This is also compel-
ling evidence that they may improve health, well-being
and physiological functioning in elderly patients suffering
from chronic pathologies [57]. One problem is that these
substances are not used currently for treating age-related
pathological conditions in the absence of clinical mani-
festations of particular illness. There are, however, good
reasons to suggest that these agents could theoretically
be redirected to preventing or treating other syndromes
or conditions commonly associated with aging.

Longevity dividend

Despite an extraordinary rapid technological progress
in pharmacology, there are few new preparations in the
development pipeline now. Thereby, drugs generated on
the basis of new knowledge gained from biogerontologi-
cal research that can delay or prevent most age-associ-
ated disorders would apparently become “blockbusters”
of modern pharmaceutical industry and market [58].
That follows the idea that the extension of the healthy life
expectancy by slowing aging process is the most efficient
way to combat aging-related chronic illnesses and disa-
bling conditions representing serious medical, social and
economic issue in modern societies. This idea is referred
to as the “longevity dividend” in the contemporary litera-
ture [59].

Discovery and development of anti-aging drugs could
likely provide an opportunity for revitalization of the
drug development pipeline [58]. Indeed, if it would be
possible to slow down the aging process per se, then that
would allow delay or prevent most aging-related disor-
ders rather than combating them one by one, which is the
conventional approach in the present-day disease-based
paradigm of drug development. Moreover, population
life expectancy might be only insignificantly affected by
preventing only certain pathological conditions. This is
due to the fact that other disorders will, due to comor-
bidity, greatly devalue the positive effects achieved by
prevention of the targeted disease. Therefore, simulta-
neous delaying the clinical manifestations of all aging-
associated disorders by inhibiting fundamental aging
mechanisms may be much more effective than preven-
tion of particular chronic diseases [16, 57]. It can be also
assumed that not only considerable health advantages
but also substantially larger socio-economic benefits may
be achieved from such approach relative to the conven-
tional approach in present-day public health practice tar-
geted to preventing certain pathological conditions only
[60]. Goldman et al. have estimated the economic advan-
tages from enhancing healthspan through slowing down
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aging process in the US at about 7 trillion dollars over the
next 50 years [61].

Prospect debate: should aging be recognized as a disease?
Until recently, substances with potent anti-aging prop-
erties were not considered by US FDA and other regu-
latory agencies as suitable candidate drugs for clinical
trials, because they did not recognize aging as a clinical
condition. However, it has become increasingly apparent
now that such opinion is rather contradictory. Indeed,
it’s obvious that aging is generally accompanied by health
issues typically associated with clinical conditions such as
loss of muscle mass (sarcopenia), osteoporosis, athero-
sclerosis, hypertension, strokes, heart attacks and atro-
phy of brain tissues resulting in dementia. Clinically, all
of these conditions are recognized as diseases and require
specific therapeutic interventions. Therefore, an intense
debate has emerged now in both academic and policy
making circles on whether or not aging can be classified
as a disease [62, 63]. Perhaps as a consequence of this dis-
cussion, the FDA’s position on that occasion has become
a lot less rigorous in recent years.

Anti-aging pharmacology: an FDA perspective

The first example of this ‘paradigm shift’ is approval by
FDA of clinical trial for determining the efficacy of the
anti-diabetic drug, metformin, in reducing the risk for
aging-associated diseases including CVD, cognitive
impairment and cancer, in non-diabetic patients. This
substance has been selected for clinical trial because it
was previously demonstrated to affect different path-
ways implicated in aging process such as oxidative dam-
age, inflammation, cellular senescence, apoptosis and
autophagy. Patients with T2D treated with metformin
also had longer survival time than did age- and gender-
matched, non-diabetic controls [64]. In this clinical trial
named TAME (Targeting Aging with MEtformin), 3000
volunteers aged 70-80 years will be treated with met-
formin for 5-7 years to determine whether such treat-
ment would be effective in preventing or delaying the
onset of age-associated pathologies [22, 65]. Such deci-
sion could be indicative of the change of FDA’s position
on the anti-aging pharmacology from regulations for
cosmetic manufacturers to regulations for prevention
and/or treatment of chronic diseases related to aging
[66]. It could establish innovative regulatory pathways
for clinical trials of medications designed to slow down
the aging process. In addition, recognition of aging as
disease would motivate both individual donors and
research funding agencies to address more resources to
research in the field of biogerontology and, in particu-
lar, to developing drugs specifically targeting the aging
processes.
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Conclusions

On the basis of the above considerations, it can be sug-
gested that targeting the aging process per se may be a far
more effective approach to prevent or delay aging-associ-
ated pathologies than treatments specifically targeted to
particular clinical conditions. Due to demographic pro-
cesses linked to population aging, such strategy seems
very relevant in the context of modern public health
practices [67]. In modern pharmaceutical industry, fur-
ther development of anti-aging medications is apparently
one of the most promising directions since a potential
target group may include each adult individual. Some
supplements are already promoted as ‘anti-aging pills’ in
modern pharmaceutical market. The most widespread
among them is resveratrol, a polyphenol found in grapes
and in several other plant sources and repeatedly demon-
strated an ability to extend healthspan in various animal
models [68].

Marketing research conducted in recent years indicated
that most people would like to purchase supplements
and medications aimed at delaying or preventing age-
associated declines in mental and physical functioning
[58]. According to the latest sociological surveys, there
is a great desire for extension of human healthspan and
lifespan worldwide. Previously, most questionings were
based on the erroneous presupposition that life exten-
sion can be achieved due to prolongation of the period
of functional impairment, frailty and disability at the end
of life. As a consequence, it is not surprising that care-
ful attitude to life extension has been revealed in these
surveys. When the extended healthspan was postulated
in questionnaire design, responses largely favored longer
life. For example, in a recent survey by Donner et al. 20%
of respondents wanted to live to the age of 85, while 42%
wanted that their life expectancy would not be limited
[69].

The implementation of the geroscience-based
approaches into healthcare policy and practice would
increase the ratio of healthy to unhealthy population due
to delaying the onset of aging-associated chronic pathol-
ogies. In other words, that might result in decreasing the
biological age (i.e., elder subjects will become biologi-
cally younger) and increasing the age of disability, thus
increasing the age of retirement and income without rais-
ing taxes [70, 71]. Social, economic and ethical aspects of
applying the healthspan- and lifespan-extending inter-
ventions should however be comprehensively debated
prior to their implementation in public health practice.

Abbreviations

AD: Alzheimer's disease; CR: calorie restriction; CVD: cardio-vascular disease;
FDA: Food and Drug Administration; mTOR: mechanistic target of rapamycin;
TAME: Targeting Aging with MEtformin; T2D: type 2 diabetes.



Vaiserman and Lushchak J TransI Med (2017) 15:160

Authors’ contributions

AV conceived the idea for the manuscript and produced the first draft. OL was
involved in creating the table, an also in critical review and rewriting of subse-
quent drafts. Both authors read and approved the final manuscript.

Author details

! Laboratory of Epigenetics, Institute of Gerontology, Vyshgorodskaya St. 67,
Kiev 04114, Ukraine. > Department of Biochemistry and Biotechnology, Vasy!
Stefanyk Precarpathian National University, lvano-Frankivsk, Ukraine.

Acknowledgements
The authors would like to thank Oksana Zabuga for the helpful assistance in
preparing the manuscript.

Competing interests
The authors declare they have no competing interests.

Availability of data and materials

The datasets analysed during the current study are available in the Drugs.com
[46], ClinicalTrials.gov [47], Geroprotectors [48]; Examine.com [49] and US Food
and Drug Administration [50] repositories.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 10 May 2017 Accepted: 4 July 2017
Published online: 20 July 2017

References

1. Lunenfeld B, Stratton P. The clinical consequences of an ageing
world and preventive strategies. Best Pract Res Clin Obstet Gynaecol.
2013,27(5):643-59.

2. de Magalhaes JP The scientific quest for lasting youth: prospects for cur-
ing aging. Rejuvenation Res. 2014;17(5):458-67.

3. Vijg J, de Grey AD. Innovating aging: promises and pitfalls on the road to
life extension. Gerontology. 2014;60(4):373-80.

4. Kennedy BK, Pennypacker JK. Drugs that modulate aging: the promising
yet difficult path ahead. Transl Res. 2014;163(5):456-65.

5. Bloom DE, Chatterji S, Kowal P, Lioyd-Sherlock P, McKee M,

Rechel B, Rosenberg L, Smith JP. Macroeconomic implications
of population ageing and selected policy responses. Lancet.
2015;385(9968):649-57.

6. Hung WW, Ross JS, Boockvar KS, Siu AL. Recent trends in chronic disease,
impairment and disability among older adults in the United States. BMC
Geriatr. 2011;11:47.

7. Petsko GA. A seat at the table. Genome Biol. 2008;,9(12):113.

8. Harper S. Economic and social implications of aging societies. Science.
2014;346:587-91.

9. Beard JR, Bloom DE. Towards a comprehensive public health response to
population ageing. Lancet. 2015;385(9968):658-61.

10. Lopreite M, Mauro M. The effects of population ageing on health care
expenditure: a Bayesian VAR analysis using data from Italy. Health Policy.
2017;121:663-74.

11. Le Bourg E. Obsolete ideas and logical confusions can be obstacles for
biogerontology research. Biogerontology. 2013;14(2):221-7.

12. Fontana L, Partridge L, Longo VD. Extending healthy life span—from
yeast to humans. Science. 2010;328:321-6.

13. Austad S.The geroscience hypothesis: is it possible to change the rate
of aging? In: Sierra F, Kohanski R, editors. Advances in geroscience. New
York: Springer; 2015. p. 1-36.

20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

Page 8 of 9

Willcox BJ, Willcox DC, Ferrucci L. Secrets of healthy aging and longevity
from exceptional survivors around the globe: lessons from octogenarians
to supercentenarians. J Gerontol A Biol Sci Med Sci. 2008;63:1181-5.
Willcox DC, Willcox BJ, Wang NC, He Q, Rosenbaum M, Suzuki M. Life at
the extreme limit: phenotypic characteristics of supercentenarians in
Okinawa. J Gerontol A Biol Sci Med Sci. 2008;63(11):1201-8.

Seals DR, Justice JN, LaRocca TJ. Physiological geroscience: targeting
function to increase healthspan and achieve optimal longevity. J Physiol.
2016;594(8):2001-24.

Sierra F, Kohanski R. Geroscience and the trans-NIH Geroscience Interest
Group, GSIG. Geroscience. 2017;39(1):1-5.

Sonntag WE, Ungvari Z. GeroScience: understanding the interaction of
processes of aging and chronic diseases. Age (Dordr). 2016;38(5-6):377-8.
Kennedy BK, Berger SL, Brunet A, Campisi J, Cuervo AM, Epel ES, et al.
Geroscience: linking aging to chronic disease. Cell. 2014;159:709-13.
Fontana L, Kennedy BK, Longo VD, Seals D, Melov S. Medical research:
treat ageing. Nature. 2014;511:405-7.

Kirkland JL. Translating the science of aging into therapeutic interven-
tions. Cold Spring Harb Perspect Med. 2016;6(3):a025908.

Niedernhofer LJ, Kirkland JL, Ladiges W. Molecular pathology endpoints
useful for aging studies. Ageing Res Rev. 2017;35:241-9.

Epel ES, Lithgow GJ. Stress biology and aging mechanisms: toward
understanding the deep connection between adaptation to stress and
longevity. J Gerontol A Biol Sci Med Sci. 2014,69(Suppl 1):S10-6.
Kirkland JL. Translating advances from the basic biology of aging into
clinical application. Exp Gerontol. 2013;48(1):1-5.

Flatt MA, Settersten RA Jr, Ponsaran R, Fishman JR. Are “anti-aging medi-
cine”and “successful aging” two sides of the same coin? Views of anti-
aging practitioners. J Gerontol B Psychol Sci Soc Sci. 2013;68(6):944-55.
Lara J, Sherratt MJ, Rees M. Aging and anti-aging. Maturitas. 2016;93:1-3.
da Costa JP, Vitorino R, Silva GM, Vogel C, Duarte AC, Rocha-Santos T. A
synopsis on aging-theories, mechanisms and future prospects. Ageing
Res Rev. 2016,29:90-112.

Caplan AL. An unnatural process: why it is not inherently wrong to seek
a cure for aging. In: Post SG, Binstock RH, editors. The fountain of youth.
Cultural, scientific, and ethical perspectives on a biomedical goal. Oxford:
Oxford University Press; 2004. p. 271-85.

Lemaitre JF, Berger V, Bonenfant C, Douhard M, Gamelon M, Plard F, Gail-
lard JM. Early-late life trade-offs and the evolution of ageing in the wild.
Proc Biol Sci. 1806;2015(282):20150209.

Anton B, Vitetta L, Cortizo F, Sali A. Can we delay aging? The biology and
science of aging. Ann NY Acad Sci. 2005;1057:525-35.

. Cevenini E, Bellavista E, Tieri P, Castellani G, Lescai F, Francesconi M,

Mishto M, Santoro A, Valensin S, Salvioli S, Capri M, Zaikin A, Monti D, de
Magalhées JP, Franceschi C. Systems biology and longevity: an emerging
approach to identify innovative anti-aging targets and strategies. Curr
Pharm Des. 2010;16(7):802-13.

de Cabo R, Carmona-Gutierrez D, Bernier M, Hall MN, Madeo F. The
search for antiaging interventions: from elixirs to fasting regimens. Cell.
2014;157(7):1515-26.

Lopez-Otin C, Blasco MA, Partridge L, Serrano M, Kroemer G. The hall-
marks of aging. Cell. 2013;153(6):1194-217.

Riera CE, Merkwirth C, De Magalhaes Filho CD, Dillin A. Signaling net-
works determining life span. Annu Rev Biochem. 2016;85:35-64.
Vaiserman AM, Lushchak OV, Koliada AK. Anti-aging pharmacology:
promises and pitfalls. Ageing Res Rev. 2016;31:9-35.

Verdaguer E, Junyent F, Folch J, Beas-Zarate C, Auladell C, Pallas M, Camins
A. Aging biology: a new frontier for drug discovery. Expert Opin Drug
Discov. 2012;7(3):217-29.

Zhou Y, Huang N. Binding site druggability assessment in fragment-based
drug design. Methods Mol Biol. 2015;1289:13-21.

Moskalev AA, Aliper AM, Smit-McBride Z, Buzdin A, Zhavoronkov

A. Genetics and epigenetics of aging and longevity. Cell Cycle.
2014;13(7):1063-77.

Roth GS, Ingram DK. Manipulation of health span and function by dietary
caloric restriction mimetics. Ann NY Acad Sci. 2016;1363:5-10.

Wojcik M, Burzynska-Pedziwiatr |, Wozniak LA. A review of natural and
synthetic antioxidants important for health and longevity. Curr Med
Chem. 2010;17(28):3262-88.

Madeo F, Zimmermann A, Maiuri MC, Kroemer G. Essential role for
autophagy in life span extension. J Clin Invest. 2015;125(1):85-93.



Vaiserman and Lushchak J TransI Med (2017) 15:160

42.

43.

44,

45.
46.
47.
48.
49.
50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Kirkland JL, Tchkonia T. Cellular senescence: a translational perspective.
EBioMedicine. 2017. doi:10.1016/j.ebiom.2017.04.013.

Si'H, Liu D. Dietary antiaging phytochemicals and mechanisms associated
with prolonged survival. J Nutr Biochem. 2014,25(6):581-2.

Cunha S, Amaral MH, Lobo JM, Silva AC. Therapeutic strategies for Alzhei-
mer’s and Parkinson'’s diseases by means of drug delivery systems. Curr
Med Chem. 2016;23(31):3618-31.

Vaiserman AM, Pasyukova EG. Epigenetic drugs: a novel anti-aging strat-
egy? Front Genet. 2012;3:224.

Drugs.com. http://www.drugs.com/. Accessed 2 May 2017.
ClinicalTrials.gov. https://clinicaltrials.gov/. Accessed May 2017.
Geroprotectors. http://geroprotectors.org/resources. Accessed May 2017.
Examine.com. https://examine.com/. Accessed 11 Apr 2017.

US Food and Drug Administration. https://www.fda.gov/. Accessed 1 May
2017.

Whayne TF, Saha SP, Mukherjee D. Antioxidants in the practice of medi-
cine; what should the clinician know? Cardiovasc Hematol Disord: Drug
Targets. 2016;16(1):13-20.

Bjelakovic G, Nikolova D, Gluud C. Meta-regression analyses, meta-analy-
ses, and trial sequential analyses of the effects of supplementation with
beta-carotene, vitamin A, and vitamin E singly or in different combina-
tions on all-cause mortality: do we have evidence for lack of harm? PLoS
ONE. 2013;8(9):e74558.

Bjelakovic G, Nikolova D, Gluud C. Antioxidant supplements and mortal-
ity. Curr Opin Clin Nutr Metab Care. 2014;17:40-4.

Blagosklonny MV. Once again on rapamycin-induced insulin resist-

ance and longevity: despite of or owing to. Aging (Albany NY).
2012;4(5):350-8.

Verges B, Cariou B. mTOR inhibitors and diabetes. Diabetes Res Clin Pract.
2015;110(2):101-8.

Laakso M, Kuusisto J. Diabetes secondary to treatment with statins. Curr
Diab Rep. 2017;17(2):10.

Seals DR, Melov S. Translational geroscience: emphasizing function to
achieve optimal longevity. Aging (Albany). 2014;6:718-30.

Le Couteur DG, McLachlan AJ, Quinn RJ, Simpson SJ, de Cabo R. Aging
biology and novel targets for drug discovery. J Gerontol A Biol Sci Med
Sci. 2012;67A(2):168-74.

Olshansky SJ. Articulating the case for the longevity dividend. Cold
Spring Harb Perspect Med. 2016;6(2):a025940.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Page 9 of 9

Martin GM. Geroscience: Addressing the mismatch between its exciting
research opportunities, its economic imperative and its current funding
crisis. Exp Gerontol. 2017,94:46-51.

Goldman DP, Cutler D, Rowe JW, Michaud PC, Sullivan J, Peneva D,
Olshansky SJ. Substantial health and economic returns from delayed
aging may warrant a new focus for medical research. Health Aff.
2013;32:1698-705.

Bulterijs S, Hull RS, Bjork VC, Roy AG. It is time to classify biological aging
as a disease. Front Genet. 2015;6:205.

Zhavoronkov A, Moskalev A. Editorial: should we treat aging as a disease?
Academic, pharmaceutical, healthcare policy, and pension fund perspec-
tives. Front Genet. 2016;7:17.

Bannister CA, Holden SE, Jenkins-Jones S, Morgan CL, Halcox JP, Schern-
thaner G, et al. Can people with type 2 diabetes live longer than those
without? A comparison of mortality in people initiated with metformin
or sulphonylurea monotherapy and matched, non-diabetic controls.
Diabetes Obes Metab. 2014;16:1165-73.

Barzilai N, Crandall JP, Kritchevsky SB, Espeland MA. Metformin as a tool to
target aging. Cell Metab. 2016;23(6):1060-5.

Gems D. Tragedy and delight: the ethics of decelerated ageing. Phil Trans
R Soc. 2011;366(1561):108-12.

Longo VD, Antebi A, Bartke A, Barzilai N, Brown-Borg HM, Caruso C, Curiel
TJ, de Cabo R, Franceschi C, Gems D, Ingram DK, Johnson TE, Kennedy
BK, Kenyon C, Klein S, Kopchick JJ, Lepperdinger G, Madeo F, Mirisola MG,
Mitchell JR, Passarino G, Rudolph KL, Sedivy JM, Shadel GS, Sinclair DA,
Spindler SR, SuhY, Vijg J, Vinciguerra M, Fontana L. Interventions to slow
aging in humans: are we ready? Aging Cell. 2015;14(4):497-510.
Aschemann-Witzel J, Grunert KG. Resveratrol and health from a consumer
perspective: perception, attitude, and adoption of a new functional
ingredient. Ann N'Y Acad Sci. 2015;1348(1):171-9.

Donner, Fortney K, Calimport SR, Pfleger K, Shah M, Betts-LaCroix J.
Great desire for extended life and health amongst the American public.
Front Genet. 2015;6:353.

Blagosklonny MV. How to save Medicare: the anti-aging remedy. Aging
(Albany NY). 2012;4(8):547-52.

Goldman D. The economic promise of delayed aging. Cold Spring Harb
Perspect Med. 2015;6(2):a025072.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal
* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central



http://dx.doi.org/10.1016/j.ebiom.2017.04.013
http://www.drugs.com/
https://clinicaltrials.gov/
http://geroprotectors.org/resources
https://examine.com/
https://www.fda.gov/

	Implementation of longevity-promoting supplements and medications in public health practice: achievements, challenges and future perspectives
	Abstract 
	Background: 
	Discussion: 
	Summary: 

	Background
	Population aging: global trends and challenges
	Geroscience: life to years not years to life
	Anti-aging medicine
	Anti-aging pharmacology: opportunities and challenges
	Longevity dividend
	Prospect debate: should aging be recognized as a disease?
	Anti-aging pharmacology: an FDA perspective

	Conclusions
	Authors’ contributions
	References




